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o Zero dot product — orthogonal
o What about arbitrary angles?
o Also, how to find the distance from a point to a given subspace?
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Inner product and Angle

Dr. Konda Reddy Mopuri

Il a)lééaf) 0388 2 %09 mdmzrls

Id n Institute fTh Ingyd abad
i st |

y
b= (b1,b2)
llo] b—all
A0 | o= (a,0)
0 Q°
as
sin(a) w
aj
cos(a) = Tal

= cos(f)cos(a) + sin(B)sin(a)

B a1b1 + asby B a®h
lallf|o] lallflo]
MT-14/ Projections onto lines 3



Il alééaﬁ 0388 2 80 P0erd

Projection onto a line

Indlan Institute ufTechnoIogy Hyderabad
v i o

Projection p of b onto a

o Must be some multiple of a, i.e., p = Za
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Projection p of b onto a

o Must be some multiple of a, i.e., p = Za
o p is the closest point to b on a

o e must be orthogonal to a

o (b—2a) La,ie,a’(b—%a)=0
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Projection p of b onto a

o Must be some multiple of a, i.e., p = Za
o p is the closest point to b on a
o e must be orthogonal to a
o (b—2a) La,ie,a’(b—%a)=0
X Ty a®b
o =g and p=Za= o7,
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Projection p of b onto a

o Length of e is non-negative
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Projection p of b onto a

o Length of e is non-negative
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Projection p of b onto a

o Length of e is non-negative
llefl? = [l = pl|* = 0
o bl = 2 (s — ERTGE
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Projection p of b onto a

o Length of e is non-negative
o llef?=llb—pl* >0
T1\2 T T \_ (" TH\2
o [Ib— grbal = B — 2 ¢ (27t 2t = LRLTHT 5 g
o (bTb)(aTa) > (aTh)?
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Projection p of b onto a

o Length of e is non-negative

o llel*=1b—pl*>0

° Hb* aTbaH —pTp — 2(‘5}22 + (%)QQTCL (bTb)( ZaT)ai( Tb) >0
o (bTb)(aTa) > (a’h)?

[ Schwarz inequality: |a®b| < ||a||||b]|
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[ |a”d| < [lallllo]

o Equality holds iff b is a multiple of a
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Schwarz inequality
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|a”d| < [lallllo]

o Equality holds iff b is a multiple of a

o Also known as the Cauchy-Schwarz-Buniakowsky inequality
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Can projection be represented as all .
matrix /transformation? -

o0 p==Za
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680 0388 dend 10Y TrsTens

Can projection be represented as all .
matrix /transformation? -

°op=2=a
L = a %t
o Let's rewrite: p = aaTa
T
o p= Pb, where P = 27—

o P is a rank-1 matrix, symmetric, and P> = P

Dr. Konda Reddy Mopuri MT-14/ Projections onto lines 8



E X a m p I e Illl ?J‘dz‘!oﬁ F0388 ams .e;:;ziw-s

Indlan Institute nf Technology Hyderabad
e o 1

o Project onto a line at € angle to x-axis
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o Projections and Least Squares
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Rough Work
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